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APPLICATION DEVELOPMENT 
ENVIROMENT FOR PORTABLE 

ELECTRONIC DEVICES 

BACKGROUND 

0001. As computing devices become more versatile, 
devices are able to accept multiple types of input data. Spe 
cifically, mobile computing devices may be equipped with a 
number of sensors that generate data for use by applications. 
For example, a computing device may receive touch data via 
a touchscreen, global positioning system (GPS) tracking data 
via a GPS sensor, as well as input data collected via an 
accelerometer, gyroscope sensor and other peripheral 
devices. 

0002 Computing devices having one or more sensors may 
execute applications that process sensor data collected via the 
sensors. In developing and testing such applications, Software 
developers typically rely on the presence of the devices. 

SUMMARY OF INVENTION 

0003. A framework is provided that facilitates develop 
ment and testing of an application for a device equipped with 
one or more sensors. The framework may include a guest 
environment in which the application may execute. The 
framework may also include a sensor emulation environment 
in which data simulating sensor data may be generated and 
provided to the application in a format emulating operation of 
sensors on the device. The framework can receive simulated 
sensor data from any of a number of different types of data 
Sources such that the framework can emulate sensors on a 
device in a way that is appropriate for any of a wide range of 
operations during the development or test of an application. 
0004. Even though the device may not be available during 
either or both the development or testing of the application, 
one or more of the data sources may be selected, for example, 
to provide a way to assess behavior of the application in 
multiple scenarios in a reproducible manner. Data sources, 
Such as a file or a process, within the framework or possibly 
on another computing device entirely, may be used to gener 
ate data that is readily repeatable. In contrast, in other sce 
narios, testing or development may entail allowing a user to 
interact with a proxy device that has sensors that can generate 
data that simulates outputs of sensors on a target device on 
which the application is designed to execute, even if the target 
device is not available. 

0005. In one aspect, the sensor emulation environment 
may connect to a source of sensor simulation data, regardless 
of the type of the source selected. A suitable source of sensor 
simulation data may be selected based on the application 
functionality that is desired to be tested. The data source may 
comprise a storage location, such as a file, a process, or an 
actual device that is collecting sensor data in real time. The 
actual device may be different from a target device to execute 
the application. The data source may also be a simulation 
model for generating the sensor simulation data. To connect 
to these and other types of data sources, the framework may 
include an application programming interface (API) for 
receiving the sensor simulation data from any suitable data 
source. The API may act as a bridge between one or more 
Sources of the sensor simulation data and the sensor emula 
tion environment. The API may accept the sensor simulation 
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data as programmatic input, which may speed up the testing 
of the application and enable a developerto automatically test 
the application. 
0006. In a further aspect, the sensor simulation data 
received by the API may be provided to a sensor data engine 
in the sensor emulation environment. The sensor data engine 
may provide the sensor simulation data to the application via 
one or more sensor interface objects. The sensor data engine 
may determine the sensor interface objects that will provide 
the sensor simulation data to the application. The determina 
tion may be based on parameters of the sensor simulation 
data. For example, the sensor simulation data may be associ 
ated with an identifier for a sensor interface object to receive 
the data from the sensor data engine and provide the data to 
the application. 
0007. The foregoing is a non-limiting summary of the 
invention, which is defined by the attached claims. It should 
be appreciated that the foregoing techniques may be used 
together, singly or in any suitable combination. 

BRIEF DESCRIPTION OF DRAWINGS 

0008. The accompanying drawings are not intended to be 
drawn to Scale. In the drawings, each identical or nearly 
identical component that is illustrated in various figures is 
represented by a like numeral. For purposes of clarity, not 
every component may be labeled in every drawing. In the 
drawings: 
0009 FIG. 1 is a sketch of a prior art development and 
testing environment: 
0010 FIG. 2 is a sketch of a development and testing 
environment in which some embodiments of the invention 
may be implemented; 
0011 FIG. 3 is a functional block diagram of a framework 
for testing an application in accordance with Some embodi 
ments of the invention; 
0012 FIG. 4 is a flow chart of a method of providing 
sensor simulation data for testing an application in a first 
mode in accordance with some embodiments of the inven 
tion; 
(0013 FIG. 5 is a flow chart of a method of providing 
sensor simulation data for testing an application in response 
to a request from the application in a second mode in accor 
dance with some embodiments of the invention; 
0014 FIG. 6 is a sketch illustrating data flow during a 
method of providing sensor simulation data to an appropriate 
sensor interface object in accordance with some embodi 
ments of the invention; and 
0015 FIG. 7 is a functional block diagram of a computing 
device that may be used in implementing some embodiments 
of the invention. 

DETAILED DESCRIPTION 

0016 Applicants have recognized and appreciated that 
development and testing of an application for a mobile device 
having one or more sensors may be facilitated by providing a 
framework that can both host an application under develop 
ment and emulate sensors that would exist in the mobile 
device. The framework can allow development and testing of 
an application for a mobile device, even when that mobile 
device is not available. Further, the framework can be con 
trolled programmatically Such that the sensor data provided 
to the application can both be specifically defined and applied 
in a repeatable fashion. As a result, the framework may permit 
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the application to be tested and developed in a faster and a 
more efficient manner. Moreover, the framework may enable 
automatic testing of the application in different contexts or 
repeated testing under the same conditions without variability 
associated with using actual sensor data. 
0017. In some embodiments, the framework may include a 
sensor emulation environment that emulates functionality of 
physical sensors and generates simulated sensor data, thus 
eliminating the requirement of utilizing an actual device for 
application testing and development. As a result, testing of the 
application for use in a device may begin before the device is 
available. The framework may operate as a host environment 
for a guest application environment in which the application 
undergoing testing may be executed with one or more pro 
CSSOS. 

0.018. In some embodiments, the framework described 
herein allows testing the application in a programmatic man 
ner. Accordingly, the development environment may enable a 
developerto perform automatic testing of the application. The 
tests performed in Such controlled environment may be 
repeated and/or adjusted by repeatedly using the same source 
of sensor simulation data or by varying the source of sensor 
simulation data. A suitable mechanism for reporting results of 
the testing may also be implemented. Moreover, multiple 
types of tests for different contexts in which the application 
executes may be performed. As a result, the framework expe 
dites and simplifies the process of development and testing of 
an application for a device equipped with one or more sen 
SOS. 

0019. A suitable component, such as a test controller, may 
manage testing of the behavior of the application within the 
development environment. The test controller may operate 
automatically, in response to user input, or in other Suitable 
manner. The test controller, for example, may stimulate the 
application or collect results from the application while 
executing in the guest application environment. The test con 
troller may also control selection of a source of sensor simu 
lation data and may also control timing of operation of com 
ponents within the sensor emulation environment to ensure 
that simulated sensor data is provided to the application at 
times that are coordinated with inputs or outputs of the appli 
cation. 

0020. The sensor emulation environment may connect to 
any suitable source of sensor simulation data. Examples of 
sensor data that may be simulated include: multi-touch data, 
GPS data, accelerometer, gyroscope, magnetometer, com 
pass and any other Suitable data. These types of data may be 
obtained from any of a number of types of data sources. In 
Some embodiments, a source of the sensor simulation data 
may be a simulation model that may generate the sensor 
simulation data in any suitable manner. A simulation model 
may execute in a separate process in the development envi 
ronment or may possibly execute in an external computing 
device. Any suitable simulation models may be implemented, 
as embodiments of the invention are not limited in this 
respect. Accordingly, it should be appreciated that the data 
may be of any Suitable type and format and may include any 
number of data points. 
0021 Data used to provide simulated sensor data may be 
obtained from any suitable data source. For example, sensor 
simulation data that have been previously stored may be 
provided to the sensor emulation environment from a suitable 
storage location, Such as, for example, a file. Additionally or 
alternatively, the input data for simulating a sensor may be 
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generated by execution of a suitable program, which may be 
executed in the same or a different process as the sensor 
emulation environment, and may be structured as a simula 
tion model or in any other suitable form. 
0022. The data for simulating sensors may be captured and 
stored in advance of being provided to the sensor emulation 
environment or may be provided to the environment in real 
time as it is generated. In some embodiments, the sensor data 
may be received in real time in a form of raw sensor data being 
collected from any suitable device equipped with sensors. 
The sensor data may be obtained from a target device for 
which the application is being developed and tested. How 
ever, in Some scenarios, sensor data may be obtained from 
another device, acting as a proxy device, that is different from 
the target device. An exemplary device providing such data 
from one or more sensors may be a personal computer, a 
mobile phone, MicrosoftCXboxTM game device, or any other 
device. The sensor data may be collected while a user is 
manipulating the device (e.g., is shaking or otherwise moving 
a mobile phone). Accordingly, it should be appreciated that 
embodiments are not limited with respect to a type of the 
Source of the sensor simulation data and any suitable source 
may be utilized. 
0023 The sensor data source may be selected based on any 
Suitable criteria, such as, for example, a way in which the 
application is tested. For example, when the same test is 
repeatedly run on the application, a file may be selected as a 
sensor data source. In other scenarios, when it is desirable to 
See a change in behavior of application in response to actual 
user actions, the sensor data source may be a proxy device 
providing actual sensor data as the device is being moved or 
otherwise manipulated. The proxy device may be a target 
device to execute the application or a different device having 
Ole O OSSOS. 

0024. The sensor emulation environment may comprise 
an application programming interface (API) that may accept 
sensor simulation data from multiple types of data sources. 
Such an API may facilitate input of sensor simulation data to 
the sensor emulation environment from any source. 
0025 Regardless of the source of the sensor simulation 
data, the data may be processed within the sensor emulation 
environment to provide the data to an application under devel 
opment or testina format and with a timing that emulates data 
that the application will receive from sensors when actually 
executing on the target device. A sensor data engine may 
control the timing of each data point Supplied to the applica 
tion. A sensor interface component may provide an interface 
that emulates an interface to a sensor in the target device. In 
the exemplary embodiments described herein, such a sensor 
interface component is implemented as an object, containing, 
for example, functions that can be called through defined 
interfaces. Though, it should be appreciated that any Suitable 
format may be used to implement the sensor interface com 
ponent and other components described herein. 
0026. In operation, the sensor data engine in the sensor 
emulation environment may receive the sensor simulation 
data from the API and provide it to the application via one or 
more sensor interface objects. The sensor data engine may 
process the input sensor simulation data and, based on param 
eters of the data, Such as a type and an identifier of a sensor to 
be emulated with the data, may supply the data to a corre 
sponding sensor interface object. In some embodiments, a 
different sensor interface object may be provided for each 
sensor to be emulated. Though, it should be appreciated that 
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a separate object is not required. For example, accelerometer 
data may comprise readings along x, y and Z axis, which may 
be provided through one sensor interface object or through 
multiple such objects. 
0027. Each sensor interface object may thus act as an 
interface between the sensor data engine and the application 
to provide the sensor simulation data to the application in a 
way that emulates an interface of an actual physical sensor. 
The API, sensor data engine and sensor interface objects may 
be implemented in any suitable manner. In some embodi 
ments, these components may be software objects executed 
with one or more processors. 
0028. Any suitable mechanism may be used to trigger the 
provision of data, simulating operation of a sensor, and the 
mechanism may depend on the operation of the physical 
sensors in the target device, the coding of the application 
under development and test and/or other factors, such as a test 
being performed. The framework in accordance with some 
embodiments may provide sensor simulation data to an appli 
cation being tested in different operating modes. In a first, 
"push operating mode, the sensor simulation data may be 
fed into the application. In a second operating mode, which 
may be referred as a “pull” mode, sensor data may be 
requested by the application, for example, via a driver for use 
in operation of the application. 
0029. In the “push’ operating mode, a suitable component 
in the development environment may trigger the sensor data 
engine to provide sensor data to the application. Such com 
ponent may be, for example, a test controller or other suitable 
component managing the testing of the application. Thereaf 
ter, the sensor data engine may provide data points at times 
determined based on the received sensor simulation data so 
that the data that is Supplied to a sensor interface object has 
both values and timing that emulates an output of a physical 
sensor under a scenario represented by selected sensor simu 
lation data. Thus, the test controller may run a set of tests on 
the application and feed sensor simulation data to the appli 
cation for this purpose, with different sensor simulation data, 
possibly from different data sources, used in each test. 
0030. In the “pull operating mode, sensor data may be 
requested from the sensor emulation environment. This 
request may be initiated by any suitable component in the 
application environment, such as the application under devel 
opment and test or a driver for use in operation of the appli 
cation. The request may be received in the sensor emulation 
environment via an appropriate sensor interface object. The 
sensor interface object may communicate the request to the 
sensor data engine, which may trigger the sensor data engine 
to Supply data simulating operation of the sensor. Specific 
data values may be selected for provision to the application at 
different times, with the values selected at different times 
based on information included within the sensor simulation 
data or in any other Suitable way. 
0031 Regardless of the manner in which the provision of 
data is triggered, the sensor simulation data may comprise a 
single value or a series of values. It should be appreciated that 
embodiments of the invention are not limited to a number of 
data points in the sensor simulation data. Moreover, when the 
data is a series of values, it is not a requirement that every data 
value generated by the sensor data engine be Supplied to the 
application. Any suitable interface Strategy may be used to 
actually provide the data values to the application. 
0032. In some embodiments, the sensor data engine may 
generate a series of data values, each of which is provided to 
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a sensor interface object. Whether each data value is provided 
to the application may depend on the hardware design of the 
sensor in the target device. For example, if the sensor in the 
target device issues an interrupt for each sensor value gener 
ated, the sensor interface object may similarly issue an inter 
rupt as each data value in the stream is received from the 
sensor data engine. Such an interrupt may trigger processing 
of each data value in the application, or at least a driver, 
associated with the application and running in the guest envi 
ronment. Alternatively, the sensor interface object may store 
the most recent value in the data series received from the 
sensor data engine and provide it to the application, or asso 
ciated driver, in response to a request. 
0033. Though, even when the simulated sensor data is 
represented by a series of values, it is not a requirement that 
the sensor data engine output that entire series. In some 
embodiments, for example, the sensor data engine may deter 
mine a new data value in response to a request from a sensor 
interface object. The sensor data engine may determine an 
appropriate value, representing a value in the series of values 
at a time the request is received or as otherwise specified as 
part of the request. In Such an embodiment, the sensor inter 
face object may be configured to request data values from the 
sensor data engine at times that represent times at which a 
physical sensor in the target device would supply data values. 
0034 Regardless of how the data values in a series are 
made available to an application, the sensor data engine may 
employ a suitable mechanism to generate data values at times 
that make the data, in total, representative of changing values 
that may be provided by a sensor in the physical target device. 
Accordingly, timing information may be provided to the sen 
Sor data engine in conjunction with sensor simulation data. 
This timing information may indicate one or more timing 
parameters. 
0035. One such parameter may indicate when, relative to 
the initiation of a test or other event, the data values in a series 
are applicable. This parameter may be indicated as a start time 
of the data series. For example, a source of sensor simulation 
data may provide a series of values representative of the 
output of a motion sensor during a specific motion of the 
target mobile device. A timestamp may be associated with 
that data series, or with each point in the data series, indicat 
ing, as a specific example, that the sensor emulation environ 
ment should generate data representing Such a motion starting 
five seconds after the beginning of a test. 
0036. Accordingly, in some embodiments, each data 
point, or each series of data points, in the sensor simulation 
data may be associated with a time value indicating a time 
when the data or series are applicable. A value for such a 
timestamp may be set in any Suitable manner. A value for the 
timestamp may be set, for example, by a test engineer devel 
oping tests for an application under development. This data 
may be included as part of the data obtained through an API 
interfacing the sensor emulation environment and a data 
source. Though, it should be appreciated that the value of 
Such a timestamp may be provided to the sensor data engine 
in any suitable way, including from a test controller Supervis 
ing automatic testing of the application. 
0037 Though, it is not a requirement that the start time of 
each data series be specified in relation to a pre-defined time 
scale. Such as a time scale for conducting a test. The start time 
for data values may be based on events during operation of the 
sensor emulation environment. For example, the start time 
may be implied based on a request or command from the 
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application being developed or tested, the test controller or 
other component within the environment. Alternatively or 
additionally, the sensor simulation data may be supplied to 
the sensor emulation environment in real time, such as from a 
proxy device being moved by a user, from a process executing 
a sensor simulation model or in other Suitable manner, which 
would inherently indicate when the data is applicable. In such 
cases, the timestamp may not be present or may have a value 
indicating that the start time for the data will be specified by 
an event or that the data is being Supplied in real time. 
0038 Another time parameter associated with sensor 
simulation data may indicate when, relative to a start time for 
a data series, each data value in the data series is applicable. 
Accordingly, additionally or alternatively, in some embodi 
ments, each data point in the sensor simulation data may be 
associated with an offset value indicating a relation between 
data specified start time and a time when the data value is 
applicable. The offset values may be used to emulate actual 
timing relationships between the data points, as if the sensor 
simulation data were Supplied from an actual sensor. These 
offset values may be applied relative to a start time for data 
values, regardless of the form in which the start time is speci 
fied. 

0039. The offset values may be obtained in any suitable 
way. For example, when the sensor simulation data has been 
recorded as the output of a physical sensor, the offset values 
may indicate a sampling time for the data points as they were 
received from an actual physical sensor. For example, sensor 
simulation data may be recorded while the physical sensor is 
being operated as part of performing a motion or gesture with 
a device containing the sensor. As a result, a series of values 
of the sensor simulation data may representagesture, Such as 
a shake of a device or any other suitable movement of the 
device. Alternatively, the offsets may be generated by a sensor 
model or other mechanism generating the sensor simulation 
data. 
0040 Regardless of the source of the timing information, 

it may be used by the sensor data engine to determine, at any 
time, an appropriate data value to simulate the output of a 
sensor. This information may be used regardless of whether 
the sensor data engine is being operated in a “push’ mode or 
a “pull mode. Nonetheless, the data supplied by the sensor 
data engine may simulate output of a physical sensor in a 
target device under any Suitable conditions. This data, how 
ever, can be easily generated in a development environment 
without actually creating the conditions with the application 
executing on a physical copy of the target device. 
0041. A framework described herein may be used in any 
Suitable environment to test an application under develop 
ment for a portable electronic device or other device equipped 
with one or more sensors. 
0042 FIG. 1 illustrates a prior art computing environment 
100 which may be used to test an application for a target 
device 102 that has one or more sensors. Device 102 may be 
a portable mobile device, such as, for example, a Smartphone, 
a personal digital assistant or other device. In such an envi 
ronment, user 104 (e.g., a software developer) may utilize a 
computer 106, Such as a conventional personal computer, to 
develop an application for use in device 102. The presence of 
device 102 may be required for the testing purposes. 
0043. Some portions of the application for execution on 
device 102 that do not require sensor data to be provided to the 
application may be tested on computer 106. To test behavior 
of other portions of the application that require sensor data for 
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testing, the application may need to be loaded to device 102. 
Accordingly, the computing environment 100 relies on the 
presence of device 102 for application testing. As illustrated 
schematically in FIG. 1, during the testing of Such portions, 
device 102 may be shaken or otherwise moved in order to 
cause the sensors of the device to generate sensor data for 
testing the application in various scenarios. In this example, 
device 102 is schematically shown to be shaken to generate 
sensor data. 
0044) The inventors have recognized and appreciated that 
this approach to testing can lengthen application develop 
ment time. In many scenarios, when an application for a 
device with one or more sensors is being tested, the device 
itself may not be available. Furthermore, even when the 
device is present, it may not be practical to use it for genera 
tion of sensor data for Software development and testing 
purposes. For example, when sensor data is generated from 
the device in real time and fed to the application, results of 
tests using Such data may depend on the specific way in which 
the device is moved, which may be different each time a test 
is executed. The results of tests conducted in this fashion may 
not be reproducible. 
0045. Accordingly, a framework, as described herein, may 
be used that provides a development environment in which 
sensor data may be provided to the application as sensor 
simulation data. In some embodiments, the sensor simulation 
data may be provided to the application under development 
and testing in a programmatic manner. This enables auto 
matic testing of the application, which may expedite and 
improve the overall efficiency of the application development 
process. 
0046 FIG. 2 illustrates a computing environment 200 in 
which some embodiments of the invention may be imple 
mented. Computing environment 200 may include a comput 
ing device 206 for development and testing an application. 
Computing device 206 may provide a development environ 
ment for applications, like computer 106 shown in FIG. 1. 
However, the development environment in computer 206 may 
emulate one or more sensors to provide sensor data to test an 
application without the need to load the application on the 
device where such sensors are available. Such sensor emula 
tion may be provided by the framework described herein. 
0047 User 104 may operate computer 206 in which the 
framework may be implemented. However, as shown in FIG. 
2, the need for target device 102 may be eliminated due to the 
ability of the framework to provide sensor data from other 
Sources, which may be done in a programmatic manner. 
0048. As shown in FIG. 2, computer 206 executing the 
application being tested may receive sensor data from any 
Suitable data source. Exemplary Sources of sensor data in 
FIG.2 may be a laptop 202, a file 204, and/or a proxy device 
such as a mobile phone 208. Though, the target device may 
also be a mobile phone, using another mobile phone as a 
proxy device may allow a person manipulating mobile phone 
208 to observe how the application might respond when the 
user is actually interacting with the application loaded on the 
target device. Though, Such testing may be conducted even 
before the target device is available. It should be appreciated 
that embodiments of the invention are not limited with respect 
to any particular source of sensor data and sensor data may be 
received from any suitable data source. It should be appreci 
ated that embodiments are not limited with respect to a type of 
the source of the sensor simulation data and any Suitable 
Source may be utilized. 
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0049. In some embodiments, the framework may provide 
to the application sensor data as sensor simulation data 
received from any suitable data source. The sensor simulation 
data received from a sensor data source may be previously 
recorded or received in real time. For example, the data source 
may comprise file 204 storing previously recorded sensor 
simulation data. The stored sensor simulation data may be 
actual sensor data collected and recorded in any Suitable 
format. 
0050 FIG.3 is a block diagram of components of a frame 
work 300 that may be used to test an application for execution 
in a device in accordance with Some embodiments. Frame 
work 300 may be deployed on a suitable computing device. 
For example, computer 206 (FIG. 2) may implement frame 
work 300. Though, embodiments of the invention are not 
limited to any particular computing device in which frame 
work 300 may be executed. 
0051. A computing device in which the framework may be 
implemented may include any other Suitable components, 
which are not shown herein for the simplicity of the descrip 
tion. Thus, the computing device may comprise one or more 
tangible computer storage media. The computer storage 
media may be encoded with computer-executable instruc 
tions that, when executed with one or more Suitable proces 
sors, may implement components of framework300 shown in 
FIG. 3. The computer-executable instructions, when 
executed, may also implement any other Suitable components 
for testing an application in accordance with Some embodi 
ments. The computing device may also include other types of 
memory, a user interface and multiple other components. 
0052 Framework 300 may include a development envi 
ronment with a sensor emulation environment 302 that allows 
developing and testing applications for devices in a fast and 
efficient manner. The development environment may facili 
tate the testing by allowing any Suitable sources of sensor data 
to be used for testing the applications. Sensor emulation 
environment 302 may execute in a host environment on a 
computer system on which the framework is implemented. 
That computer system may also Support a guest environment 
in which an application environment 304 is created. Any 
Suitable mechanism, including techniques as are known in the 
art, may be used to create Such a guest environment. 
0053 Sensor emulation environment 302 and application 
environment 304 may execute on the same computing device. 
Though, it should be appreciated that embodiments of the 
invention are not limited to a particular manner in which 
sensor emulation environment 302 and application environ 
ment 304 are executed. Accordingly, sensor emulation envi 
ronment 302 and application environment 304 may be 
executed on different computing devices. Also, components 
in these environments may be apportioned among more than 
one computing device in any suitable manner. 
0054 The framework also may comprise a test controller 
306 that manages testing of an application 308. Test control 
ler 306 may be any suitable component capable of testing 
behavior of the application in different contexts. For example, 
test controller 306 may be a test harness component which 
comprises computer-executable instructions that, when 
executed with one or more processors, enable automatically 
providing inputs and measuring outputs from the application. 
The test controller may be programmed with specific inputs 
to provide, and times at which they are to be provided. Such 
a test controller may be implemented using techniques as are 
known in the art. Also, test controller 306 may be imple 
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mented in any suitable environment. It may be implemented, 
for example, in the host environment or the guest environ 
ment. In some embodiments, test controller 306 may have 
multiple components, some of which may be implemented in 
the host environment and others may be implemented in the 
guest environment. Though, any Suitable test controller may 
be utilized, as embodiments of the invention are not limited in 
this respect. 
0055. In operation, test controller 306 may test behavior of 
application 308. Thus, test controller 306 may be used to 
execute different tests on application 308, which may include 
Supplying the application with sensor data. Accordingly, in 
addition to interacting with application 308, test controller 
306 may interact with sensor emulation environment 302. 
Such interaction may specify to the sensor emulation envi 
ronment parameters of a test. Such as which data sources to 
access for sensor simulation data, and the start times for when 
data values from those data sources are valid. 
0056 Test controller 306 may generate outputs in any 
suitable format. In some scenarios, test controller 306 may 
provide results of the testing to a user in any suitable format. 
For example, test controller 306 may generate reports. The 
reports may be presented to the user on a user interface. 
Though, the specific output of test controller 306 is not crucial 
to the invention. 
0057 Sensor emulation environment 302 may emulate 
functionality of one or more physical sensors, including pro 
viding sensor simulation data for use in testing the applica 
tion. Any suitable types of sensors may be emulated, such as 
sensors providing multi-touch data, GPS data, accelerometer, 
gyroscope, magnetometer, compass and any other Suitable 
sensor data. The sensor emulation environment 302 may 
therefore dispose of the requirement for utilizing an actual 
target device for application testing. 
0.058 As shown in FIG. 3, sensor emulation environment 
302 may include sensor interface objects 312. Each of the 
sensor interface objects 312 may provide sensor simulation 
data to the application in a way that emulates Supply of sensor 
data from a corresponding physical sensor. 
0059. In an actual target device, an application may inter 
face to a sensor through a driver. Accordingly, application 
environment 304 may include a driver 310 for use in operat 
ing of application 308. Driver 310 allows application 308 to 
access sensor emulation environment 302 in the same manner 
in which it would access one or more actual sensors in the 
target device. Driver 310 may be a software program that may 
be loaded in an actual device for execution of application 308 
and may be implemented using techniques as are known in 
the art. Thus, driver 310 may be capable of interfacing with an 
actual sensor to control the sensor and receive sensor data 
from it. It should be appreciated that one driver 310 is shown 
in FIG.3 by way of example only as more than one driver may 
be utilized, and in some embodiments, a separate driver may 
be provided for each sensor that may be in the target device. 
0060 Sensor emulation environment 302 may connect to 
a sensor data source 314. Though one sensor data source 314 
is shown for the sake of simplicity, it should be appreciated 
that sensor emulation environment 302 may connect to mul 
tiple data sources. The specific data source used may be 
specified by a test engineer, based on the type of tests to be 
performed. The data source may be selected, for example, 
based on behavior of application 308 that is being tested or 
based on any other suitable criteria. Sensor data source 314 
may be a file, a process, a device, or any other Suitable data 
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Source. In some embodiments, sensor data source 314 may be 
an actual device. Such as a proxy device. In such cases, the 
sensor data may be received in real time from any Suitable 
device having one or more sensors that may be different from 
a target device. In other embodiments, sensor data Source 314 
may be a simulation model generating sensor simulation data. 
Any suitable type of simulation model may be utilized as 
embodiments of the invention are not limited in this respect. 
The framework in accordance with some embodiments may 
be extended to any type of input sensor data. 
0061 Sensor emulation environment 302 may receive 
sensor simulation data from sensor data source 314 via an 
application programming interface (API) 318. The sensor 
simulation data may be provided to API 318 from any data 
source of multiple data any type. API 318 may be configured 
to receive any suitable type of sensor data. The API 318 may 
be implemented in any suitable manner. In one embodiment, 
API 318 may be implemented as follows: 

object, 
uuid (17181 AOF-FDA1-4646-A89C-7555B9B41 E53), 
helpstring(“ISensorData Interface'), 
pointer default(unique) 

interface ISensorData: IUnknown 
{ 
HRESULT SetSensorReading(in unsigned inté4 timeStamp, 

inunsigned long cData, in, size is(cData)SensorReading plata); 
}: 
helpstring(Accelaration reading along X, Y, Z axis in g mis2) 
typedefstruct AccelerometerReading 
{ 

double X: 
doubley; 
double Z: 

AccelerometerReading: 
typedefstruct TouchInput 
{ 

long X; 
long y; 
unsigned long id: 
unsigned long flags; 

TouchInput; 
typedefstruct TouchReading 
{ 

unsigned long cPoints; 
TouchInput points4; 

TouchReading: 
typedefenum GPSDataValidityFlags 
{ 
GPS DATA VALID SPEED = 1, 
GPS DATA VALID HEADING = 2, 
GPS DATA VALID MAGNETIC VARIATION = 4, 
GPS DATA VALID ALTITUDE SEALEVEL = 8, 
GPS DATA VALID ALTITUDE ELLIPSOID = 16, 
GPS DATA VALID HORIZONTAL ACCURACY =32, 
GPS DATA VALID VERTICAL ACCURACY =64 

GPSDataValidityFlags; 
typedefstruct GPSReading 
{ 

unsigned long validFields; GPSDataValidityFlags 
f/Below two fields are mandatory 

double latitude: 
double longitude; 

f/Following fields are optional 
float speed: // Speed in knots 

float heading: i? Degrees heading (course made good). True 
North=0 

double magneticVariation; if Magnetic variation in degrees. East is 
positive. 
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-continued 

float altitudeWRTSeaLevel; // Altitude with regards to sea level, in 
leters 

float altitudeWRTEllipsoid; if Altitude with regards to ellipsoid, in 
leters 

double horizontalAccuracy: Circular error in Meters (a)95% 
double verticalAccuracy: Circular error in Meters (a)95% 

GPSReading: 
typedefenum SensorReading MessageID 

InvalidSensorReadingMsg, 
TouchReadingMsg, 
AccelerometerReading Msg, 
GPSReading Msg, 
SensorReading MessageID: 

typedefswitch type(SensorReading MessageID) union 
SensorReading MessageIData 

case(TouchReadingMsg) 
TouchReading touchReading: 

case(AccelerometerReadingMsg) 
AccelerometerReading accelerometerReading: 

case(GPSReadingMsg) 
GPSReading gpsReading: 

default 

SensorReading MessageIData; 
typedefstruct SensorReading 

unsigned long offset; 
SensorReading MessageID messageId; 
Switch is(messageId) SensorReading MessageIData messageIData; 

SensorReading: 

0062. As shown in FIG. 3, sensor emulation environment 
302 may further comprise a sensor data engine 320 which 
may supply sensor simulation data to application 308. The 
sensor simulation data may be provided to application 308 via 
one or more different modes. 
0063. In a first, “push.” mode, the sensor simulation data 
may be provided to application 308 in accordance with tests 
performed on the application. Thus, when one or more auto 
mated tests are performed on the application, sensor data 
required for the tests may be requested. Test controller 306 
may perform one or more tests on application 308 and sensor 
simulation data may be fed into application 308 in accordance 
with the requirements of the tests. For example, when an 
automated test is performed on application 308, sensor data 
engine 320 may receive a command from test controller 306 
to supply sensor simulation data to application 308, as shown 
by an arrow 321. In response to the command, sensor data 
engine 320 may supply sensor simulation data to an appro 
priate sensor interface object from sensor interface objects 
312. The sensor interface object may in turn provide this data 
to application 308 at the appropriate time. For example, if 
sensor interface object is emulating a sensor in which an 
interrupt is generated by the sensor when new data is avail 
able, the sensor interface object may generate such an inter 
rupt when it receives new data values from sensor data engine 
320. As another example, if the sensor being emulated holds 
a current data value until read, the sensor interface object may 
receive and store in a buffer each value it receives from sensor 
data engine 320 such that the most recent value is available if 
application 308 requests data. Thus, in Such scenarios, sensor 
data engine 320 “pushes the sensor simulation data to the 
sensor interface object to make it available to application 308. 
0064. In some embodiments, the sensor data engine 320 
may alternatively or additionally operate in a second mode, 
upon a request. Thus, application 308, driver 310 or even a 
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sensor interface object 312, may request sensor data from 
sensor data engine 320. Accordingly, the sensor simulation 
data may be “pulled from sensor data engine 320 in response 
to the request. In some embodiments, sensor simulation data 
may be obtained by sensor data engine 320 from a sensor data 
Source prior to a time when the data is requested by applica 
tion 308. 

0065 Accordingly, sensor data engine 320 may provide 
sensor simulation data for testing application 308 upon a 
command from test controller 306, in response a request from 
application 308 or driver 310, or in any other suitable manner. 
Regardless of the way in which the request for sensor data is 
received by sensor data engine 320, sensor data engine 320 
may obtain sensor simulation data, via API 318, from a sensor 
data Source and Supply the sensor simulation data to the 
application. 
0066 Sensor data engine 320 may be implemented in any 
Suitable manner. In one embodiment, sensor data engine 320 
may be implemented in accordance with the following speci 
fication. 

typedef HRESULT (*SubmitSensorData)(unsigned long timestamp, 
SensorReading MessageID message, const SensorReading MessageIData 
plata); 

class SensorDataEngine 

f* This method is called by COM API to submit new sensor data. 
deltaOffset represent delta to be added to offset reading due to COM 

call latency (message received timestamp - message sent time stamp). 
HRESULT SubmitSensorData (long deltaOffset, unsigned long cData, 

const SensorReading pReadings); 
f* Sensor devices registers callback during InitializeEmulation */ 
HRESULT RegisterSensorDataCallback(SensorReading MessageID 

messageId, SubmitSensorData pfnCallback); 
HRESULT DeRegisterSensorDataCallback(SensorReading MessageID 

messageId); 
f* This call triggers callback method if sensor data for current 

timestamp is available */ 
HRESULT CheckSensorData (SensorReadingMessageID message); 

0067. In this example, for each SensorReadingMes 
sageID, the sensor data engine may maintain sensor reading 
messages in a linked list. Each node in the linked list may be 
represented as follows: 

struct Sensor DataNode 

SensorDataNode* pNext: 
unsigned long timeStamp; 
SensorReading MessageIData messageIData: 

}: 
f/SensorDataEngine will have multiple SensorDataList objects, one for 

each SensorReading MessageID 
struct Sensor DataList 

SensorReading MessageID messageId; 
SensorDataNode* pHead: 
SensorDataNode* pTail: 
SubmitSensorData pfnCallback; 

0068 A pseudo code for a worker thread in Sensor Da 
taEngine that is responsible for Submitting sensor data at a 
scheduled time is shown below. 
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int SubmitSensorData Thread Method() 

DWORD timeout-INFINITE: 
while(1) 
{ 
DWORD retval= ::WaitForSingleObject(SensorDataPendingEvent, 

timeout); 
if(retval == SensorDataPendingEvent is set) 

else if (retval == timeout) 

recompute timeout (=delta time for next data push); 

Submit data to sensor(s): 
recompute timeout: 

0069. The pseudo code for SubmitSensorData method 
may be represented as follows: 

SubmitSensorData () 

for(each message in set) 

Compute timestamp of message; 
if (Message.timestamp < previous Message.timestamp)) 

{ 

if ((Message.timestamp < currentTimeStamp) &&. 
((currentTimeStamp - 
Message.timestamp)>MAX MESSAGE DELAY)) 

return error; 

return error; 

if (Message.timestamp <= currentTimeStamp) 

Submit data to sensor: 
return; 

else 

create SensorDataNode: 
add SensorDataNode to SensorDataList: 
if(SensorDataNode is added as head of list) 

set SensorDataPendingEvent; 

0070 FIG. 4 illustrates a process 400 of testing an appli 
cation for a target device in which the sensor emulation envi 
ronment is operating in a first mode. The first mode may be 
referred to as a “push’ mode because, in this mode, sensor 
simulation data may be generated by a sensor data engine, 
even when the application, or other component, did not spe 
cifically request the data. The target device may be any Suit 
able device equipped with one or more sensors. For example, 
the target device may be a mobile computing device equipped 
with one or more sensors, such as a Smartphone, personal 
digital assistant and other type of a device. It should be appre 
ciated that embodiments of the invention are not limited to 
any particular type of a target device. 
(0071 Process 400 may be executed within a framework 
for testing the application in accordance with some embodi 
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ments of the invention. The framework may be a framework 
300 (FIG.3). The application may be executed in an applica 
tion environment (e.g., application environment 304 in FIG. 
3). 
0072 Process 400 may start at any suitable time. For 
example, process 400 may start when test controller 306 or 
other Suitable component for testing an application is initi 
ated. To initiate process 400, an instruction may be received 
from a user, from a Suitable program, or in any other suitable 
manner. Moreover, process 400 may start in response to any 
other Suitable trigger. The trigger may initiate operation of a 
sensor emulation environment (e.g., sensor emulation envi 
ronment 302 in FIG. 3) within the framework. Though, in 
Some scenarios, the sensor emulation environment may be 
already operating when process 400 starts. 
0073. As shown in FIG. 4, at block 402, the sensor emu 
lation environment may connect to a sensor data source. The 
sensor data source may be a simulation model, a file, a pro 
cess, a device that may be different from a target device, or 
any other Suitable data source. Connecting to the sensor data 
Source may comprise selecting a source of sensor simulation 
data. The selecting of the sensor data source may involve 
receiving input from test controller 306. For example, as 
discussed above, test controller 306 may instruct a sensor data 
engine (e.g., sensor data engine 320 in FIG. 3) to Supply 
sensor data to a corresponding sensor interface object from 
which it may be supplied to application 308. In some sce 
narios, the input may be received from a driver for use in 
operating the application (e.g., driver 310 in FIG. 3) or from 
any other Suitable component. 
0074 At block 404, the sensor simulation data may be 
received from the selected source of sensor simulation data. 
The data may be received by sensor data engine 320, via an 
API, such as API 318 (FIG.3). The API may be configured to 
receive different types of sensor simulation data from various 
types of data sources. 
0075) Next, at block 406, a time to provide sensor simu 
lation data to the application may be determined. As 
described above, the sensor simulation data may be provided 
with timing information, which indicates the time at which 
each data series, and each data value within that series, is 
valid. In the “push’ mode, this timing information may be 
used by the sensor data engine to determine a time at which to 
output each value in a data series. 
0076. When the time to provide the sensor simulation data 

to the application is determined, at block 406, the sensor 
simulation data may be provided to a sensor interface object 
at block 408. The sensor emulation environment may com 
prise multiple sensorinterface objects emulating interfaces to 
respective actual sensors (e.g., sensor interface objects 312 in 
FIG. 3). Hence, each sensor interface object may be imple 
mented so that it can provide sensor simulation data to the 
application. Data points in the sensor simulation data may be 
associated with an identifier for a sensor interface object to 
pass the data to the application. The sensor data engine may 
thus determine, based on the identifier, the sensor interface 
object to receive the sensor simulation data and pass the data 
to the application. Though, any Suitable mechanism may be 
used to determine which sensor interface object is to receive 
the sensor data. 
0077 Next, at block 410, the sensor interface object may 
Supply the sensor simulation data to the application executing 
in the application environment. A driver for use in operating 
the application (e.g., driver 310) may receive the sensor simu 
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lation data from the sensor interface object and Supply the 
sensor simulation data to the application. Process 400 may 
then end. Though, it should be appreciated that process 400 
may execute continuously so that the sensor data engine may 
continuously feed the sensor simulation data to the applica 
tion. 
0078 FIG. 4 illustrates the process of supplying sensor 
simulation data by the sensor data engine to the application in 
the first, "push” mode. In some embodiments, the application 
being tested using the techniques described herein, or any 
other component including the sensor interface object or a 
driver, may request sensor data from the sensor emulation 
environment. Accordingly, in Such embodiments, the sensor 
simulation data may be “pulled from the sensor data engine 
upon a request. 
(0079 FIG. 5 illustrates a process 500 of supplying sensor 
data for use in an application being tested upon a request. In 
this example, the request is generated by the application 
under test. Process 500 may be implemented in framework 
300 shown in FIG. 3. Process 500 may comprise processes 
502 and 503 executed within an application environment 
(e.g., application environment 304 in FIG. 3) and a sensor 
emulation environment (e.g., sensor emulation environment 
302 in FIG. 3), respectively. 
0080 Process 502, executed in application environment 
304, may start when the application under test (e.g., applica 
tion 308 in FIG. 3) is executed, at block 504. A suitable 
component, such as test controller 306 (FIG. 3) may execute 
various tests on the application. During the testing, at block 
506, the application may execute functionality that, in an 
actual target device, would be performed using sensor data, 
and the application may request that sensor data. The appli 
cation may request the sensor data via a driver for use in 
operating the application (e.g., driver 310 in FIG. 3). The 
driver may thus request the sensor data from the sensor emu 
lation environment. 
I0081. When the driver requests the sensor data from the 
sensor emulation environment, process 500 may continue as 
process 503, as shown schematically in FIG. 3 by an arrow 
509. Process 503 is shown by way of example to initiate in the 
sensoremulation environment when the request for the sensor 
data is received from the driver. The sensor emulation envi 
ronment may be in an operational state when process 503 
initiates. 
I0082. The sensor emulation environment may comprise 
multiple sensor interface objects each emulating an interface 
to one or more respective physical sensors. The driver in the 
application environment requesting sensor data may be a 
driver that would interact with an actual physical sensor. An 
appropriate sensorinterface object, emulating the sensor with 
which the driver is intended to interact in the physical target 
device, may receive the request from the driver, at block 508. 
The sensor interface object may then pass request to a sensor 
data engine (e.g., sensor data engine 320 in FIG. 3), as shown 
in block 510. The sensor data engine may supply sensor 
simulation data in response to the request. The request may be 
for a single data value or a stream of data values that may be 
returned over time. 

I0083. At block 512, a source of sensor data to supply those 
data values may be selected in any Suitable manner. The 
sensor data source, for example, may be sensor data source 
314 (FIG. 3). The sensor emulation environment may be 
configured to connect to a sensor data source, which may 
comprise selecting the sensor data Source. The sensor data 



US 2012/0317555 A1 

Source may be selected in any suitable manner and via any 
Suitable component. For example, a test controller controlling 
testing of the application may indicate a sensor data source to 
select at a start of a test. Alternatively or additionally, one or 
more data sources, each providing sensor simulation data for 
a different type of sensor, may be connected to the sensor 
emulation environment such that selection of a data source 
may involve selecting a data source providing data for a 
sensor of the type to be emulated. 
0084. It should be appreciated that the selection of a sensor 
data source at block512 is shown to occur after the request for 
sensor data is received by way of example only. In some 
embodiments, the sensor data source may be selected prior to 
a receipt of the request for the sensor data. For example, the 
test controller may indicate to the sensor data engine the 
sensor data source to select when one or more tests are started 
on the application. In some embodiments, the sensor data 
engine may load the sensor simulation data before the data is 
requested by the application. The loaded sensor simulation 
data may be stored in any Suitable location so that the sensor 
data engine may access the sensor simulation data and pro 
vide the data to the application upon a request. For example, 
the loaded sensor simulation data may be stored in one or 
more memories of any Suitable type which may be located on 
or otherwise associated with a computing device (e.g., com 
puting device 206 in FIG. 2) in which the sensor emulation 
environment is executed. 
I0085. Referring back to FIG. 5, next, at block 514, the 
sensor data engine may receive the sensor simulation data, via 
a suitable API (e.g., API 318), from the selected sensor data 
Source. After the sensor data engine receives the sensor simu 
lation data via the API, the sensor data engine may supply the 
sensor simulation data to appropriate one or more sensor 
interface objects, at block 516, at the appropriate times. Next, 
at block 518, the sensor interface object(s) may provide the 
sensor simulation data to the driver that requested the sensor 
data. As shown in FIG. 5 by an arrow 519, at block 520, 
process 500 may thus return to process 502 executed in the 
application environment. 
I0086 Accordingly, the driver that provided the request for 
the sensor data may receive sensor simulation data that emu 
lates data provided by an actual physical sensor. The driver 
may then provide the received sensor simulation data to the 
application, at block.522. A test controller in the development 
environment or any other Suitable component may thus test 
behavior of the application in response to the sensor simula 
tion data inputted to the application. Any Suitable test may be 
performed on the application using the sensor simulation 
data. The test may involve executing one or more test pro 
grams or may be performed in any other Suitable manner. 
Results of the tests may be provided to a user in any suitable 
format. 

0087 FIG. 6 illustrates a method of providing sensor 
simulation data to one or more sensor interface objects, in 
accordance with some embodiments of the invention. Each of 
the sensorinterface objects (e.g., sensor interface objects 312 
in FIG. 3) may emulate an interface to an actual physical 
sensor for passing data between a driver for controlling the 
sensor and the sensor itself. The method shown in FIG.6 may 
be performed in the sensor emulation environment described 
herein. 

0088. In some embodiments, a test controller, one, or more 
of other Suitable components for testing an application may 
indicate to the sensor data engine information that provides a 
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time reference. This information may indicate a time when 
testing of the application is to start, defining a time Zero in the 
reference time. Though, the time reference may be provided 
in any other Suitable way, Such as by indicating a time at 
which data is to be provided. In response to this indication, the 
sensor data engine may begin operating so as to provide 
sensor simulation data to the application. The sensor data 
engine may “push’ the sensor simulation data to the applica 
tion or, in a “pull” mode, may respond to a request for sensor 
data from the application. 
I0089. Each data point in the sensor simulation data may be 
associated with one or more parameters that may be pro 
cessed by the sensor data engine to provide the sensor simu 
lation data to the application. FIG. 6 shows schematically that 
sensor simulation data 600 may be received from a sensor 
data source, such as, for example, sensor data source 314, via 
API 318. The sensor data source may be of any suitable type 
and may be selected in any suitable manner to provide sensor 
simulation data 600 to an application under testing. Sensor 
simulation data 600 may represent any suitable type of sensor 
data. For example, sensor simulation data 600 may represent 
output of one or more sensors as a result of a gesture (e.g., a 
shake) or other manipulation performed with a mobile device. 
Though, embodiments of the invention are not limited in this 
respect and sensor simulation data may represent sensor data 
of any type obtained in any Suitable manner. 
0090 The framework for testing an application by using 
sensor simulation data in accordance with some embodi 
ments may be used to receive such data from any type of a data 
Source. The framework may be used to test the application in 
a programmatic manner. The sensor simulation data may 
comprise information that facilitates testing the application in 
the programmatic manner. That information may include tim 
ing information, indicating a time when to supply sensor 
simulation data to the application. The information may also 
comprise an identifier for one or more sensors that the data is 
intended to emulate. The sensors may be specified in any 
Suitable format, including a label of the sensor. Though, the 
sensor to be emulated may be described in other ways, includ 
ing by identifying interface objects through which the sensor 
simulation data may be passed from the sensor emulation 
environment to the application. Thus, sensor data engine 320 
may process sensor simulation data 600 to determine to what 
sensor interface object(s) and at what time to provide the 
sensor simulation data. 

0091. In this example, sensor simulation data 600 com 
prises three data points 602, 604 and 606. Each of the data 
points may comprise a plurality of fields. In this example, 
fields of only one of the data points, 602, are labeled for the 
sake of simplicity. Though, in this example, each of the data 
points includes the same fields. Thus, data point 602 within 
sensor simulation data 600 includes a field 602A storing a 
sensor identifier, field 602B storing actual data “data A' field 
602C comprising a start time and field 602D storing an offset. 
Data points 604 and 606 may comprise similar fields. In this 
example, the actual data, such as “data A' in field 602B 
represents a sensor data value that is inputted to the applica 
tion during testing of the application. Field 602A stores infor 
mation identifying a sensor to be emulated with the data. 
Fields 602C and 603C store timing information. In this 
example, the timing information is stored in the start time/ 
offset format described above. However, any suitable format 
may be used. 
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0092. It should be appreciated that the data points of the 
sensor simulation data are shown by way of example to 
include the illustrated fields arranged in this order. The sensor 
simulation data may comprise any number of fields for 
recording any Suitable data, in any Suitable order. 
0093 Sensor data engine 320 may use, in this example, 
sensor data identifiers, such as a sensor identifier in sensor 
identifier field 602A of data point 602 and similar sensor 
identifiers of data points 604 and 606, to determine one or 
more sensor interface objects (e.g., sensor interface objects 
312 in FIG. 3) to receive the sensor simulation data. 
0094 FIG. 6 shows that sensor data engine 320 may pro 
vide sensor data, such as “data C 606B and “data A' 602B, 
to sensor interface object 312A, based on sensor identifiers 
for these data which, in this example, indicate the same sensor 
interface object 312A. Data point “data B 604B may be 
provided to sensor interface object 312B, based on the sensor 
identifier for “data B 604B. The sensor data may be provided 
to respective sensorinterface objects at a time indicated in the 
start time field and an offset as indicated by the offset field. 
0095. In this example, the start time 602C may indicate a 
time when the data (i.e., actual data “data A' 602B) is to be 
pushed from the sensor data engine to an appropriate sensor 
interface object. The start time may be represented as a times 
tamp and may be set in any suitable manner. For example, a 
Suitable component, such as a test controller that may auto 
matically execute tests on the application, may specify the 
timestamp. When the Source of sensor simulation data, Such 
as a data file, comprises stored data, the start time may be 
added to the data file to indicate when, during execution of a 
test program, to push the data to the sensor interface object. 
Alternatively or additionally, if there is no start time in the file, 
the start time may be assumed to be the time at which an event 
is detected. When the source of sensor simulation data com 
prises a program or a process providing the sensor simulation 
data, Such program or process may associate the sensor simu 
lation data with the timestamps to indicate a time when these 
data is to be used for testing the application. 
0096. As another example, when the source of sensor 
simulation data comprises a simulation model generating the 
sensor simulation data, the simulation model may generate 
the timestamps and assign them to the sensor simulation data. 
Regardless of which way is used to set the value of the 
timestamp, this value may be used by the sensor data engine 
to determine when to push data to an appropriate sensor 
interface object that then passes the data to the application. 
0097. The sensor interface object may pass the data to the 
application at a time that may be different from a value of the 
start time. In addition to the start time, each data point in 
sensor simulation data may include an offset value indicating 
an offset from the start time. The offset value allows main 
taining timing relationship between data points. In the 
example illustrated, the value of offset 602D may be added to 
the value of start time 602C to determine a time when to 
provide the “data A' 602B of data point 602 to the applica 
tion. Offset values may allow providing multiple data points 
of the sensor simulation data at the same time. For example, 
a series of values of the sensor simulation data that represent 
a gesture. Such as a shake of a device or any other Suitable 
movement of the device, may be provided to the application at 
the same time. 
0098. It should be appreciated that different types of sen 
sor simulation data may include different number of different 
fields, as embodiments of the invention are not limited in this 
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respect. For example, in embodiments in which sensor data is 
collected via a proxy device in real time, data points in the 
sensor simulation data may not be associated with a start time. 
Furthermore, in the “pull mode, when the sensor data engine 
provides sensor simulation data in response to a request from 
the application, even if sensor simulation data is associated 
with timing parameters such as a start time and an offset, these 
parameters may not be used. Though, in Some embodiments, 
even when a pull model is used, a request may override the 
start time, but the offsets may still be applied relative to that 
start time. 
0099. The framework may run in any suitable computing 
environment. FIG. 7 illustrates an example of a suitable com 
puting system environment 700 on which the invention may 
be implemented. The computing system environment 700 is 
only one example of a suitable computing environment and is 
not intended to suggest any limitation as to the scope of use or 
functionality of the invention. Neither should the computing 
environment 700 be interpreted as having any dependency or 
requirement relating to any one or combination of compo 
nents illustrated in the exemplary operating environment 700. 
0100. The invention is operational with numerous other 
general purpose or special purpose computing system envi 
ronments or configurations. Examples of well known com 
puting systems, environments, and/or configurations that 
may be suitable for use with the invention include, but are not 
limited to, personal computers, server computers, hand-held 
or laptop devices, multiprocessor Systems, microprocessor 
based systems, set top boxes, programmable consumer elec 
tronics, network PCs, minicomputers, mainframe computers, 
distributed computing environments that include any of the 
above systems or devices, and the like. 
0101 The computing environment may execute com 
puter-executable instructions, such as program modules. 
Generally, program modules include routines, programs, 
objects, components, data structures, etc. that perform par 
ticular tasks or implement particular abstract data types. The 
invention may also be practiced in distributed computing 
environments where tasks are performed by remote process 
ing devices that are linked through a communications net 
work. In a distributed computing environment, program mod 
ules may be located in both local and remote computer 
storage media including memory storage devices. 
0102. With reference to FIG. 7, an exemplary system for 
implementing the invention includes a general purpose com 
puting device in the form of a computer 710. Components of 
computer 710 may include, but are not limited to, a process 
ing unit 720, a system memory 730, and a system bus 721 that 
couples various system components including the system 
memory to the processing unit 720. The system bus 721 may 
be any of several types of bus structures including a memory 
bus or memory controller, a peripheral bus, and a local bus 
using any of a variety of bus architectures. By way of 
example, and not limitation, such architectures include Indus 
try Standard Architecture (ISA) bus, Micro Channel Archi 
tecture (MCA) bus, Enhanced ISA (EISA) bus, Video Elec 
tronics Standards Association (VESA) local bus, and 
Peripheral Component Interconnect (PCI) bus also known as 
Mezzanine bus. 
0103 Computer 710 typically includes a variety of com 
puter readable media. Computer readable media can be any 
available media that can be accessed by computer 710 and 
includes both volatile and nonvolatile media, removable and 
non-removable media. By way of example, and not limita 



US 2012/0317555 A1 

tion, computer readable media may comprise computer Stor 
age media and communication media. Computer storage 
media includes both volatile and nonvolatile, removable and 
non-removable media implemented in any method or tech 
nology for storage of information Such as computer readable 
instructions, data structures, program modules or other data. 
Computer storage media includes, but is not limited to, RAM, 
ROM, EEPROM, flash memory or other memory technology, 
CD-ROM, digital versatile disks (DVD) or other optical disk 
storage, magnetic cassettes, magnetic tape, magnetic disk 
storage or other magnetic storage devices, or any other 
medium which can be used to store the desired information 
and which can accessed by computer 710. Communication 
media typically embodies computer readable instructions, 
data structures, program modules or other data in a modulated 
data signal Such as a carrier wave or other transport mecha 
nism and includes any information delivery media. The term 
"modulated data signal” means a signal that has one or more 
of its characteristics set or changed in Such a manner as to 
encode information in the signal. By way of example, and not 
limitation, communication media includes wired media Such 
as a wired network or direct-wired connection, and wireless 
media Such as acoustic, RF, infrared and other wireless 
media. Combinations of the any of the above should also be 
included within the scope of computer readable media. 
0104. The system memory 730 includes computer storage 
media in the form of volatile and/or nonvolatile memory such 
as read only memory (ROM) 731 and random access memory 
(RAM) 732. A basic input/output system 733 (BIOS), con 
taining the basic routines that help to transfer information 
between elements within computer 710, such as during start 
up, is typically stored in ROM 731. RAM 732 typically con 
tains data and/or program modules that are immediately 
accessible to and/or presently being operated on by process 
ing unit 720. By way of example, and not limitation, FIG. 7 
illustrates operating system 734, application programs 735, 
other program modules 736, and program data 737. 
0105. The computer 710 may also include other remov 
able/non-removable, Volatile/nonvolatile computer storage 
media. By way of example only, FIG. 7 illustrates a hard disk 
drive 740 that reads from or writes to non-removable, non 
volatile magnetic media, a magnetic disk drive 751 that reads 
from or writes to a removable, nonvolatile magnetic disk 752, 
and an optical disk drive 755 that reads from or writes to a 
removable, nonvolatile optical disk 756 such as a CDROM or 
other optical media. Other removable/non-removable, vola 
tile/nonvolatile computer storage media that can be used in 
the exemplary operating environment include, but are not 
limited to, magnetic tape cassettes, flash memory cards, digi 
tal versatile disks, digital video tape, solid state RAM, solid 
state ROM, and the like. The hard disk drive 741 is typically 
connected to the system bus 721 through a non-removable 
memory interface Such as interface 740, and magnetic disk 
drive 751 and optical disk drive 755 are typically connected to 
the system bus 721 by a removable memory interface, such as 
interface 750. 

0106 The drives and their associated computer storage 
media discussed above and illustrated in FIG. 7, provide 
storage of computer readable instructions, data structures, 
program modules and other data for the computer 710. In 
FIG. 7, for example, hard disk drive 741 is illustrated as 
storing operating system 744, application programs 745, 
other program modules 746, and program data 747. Note that 
these components can either be the same as or different from 
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operating system 734, application programs 735, other pro 
gram modules 736, and program data 737. Operating system 
744, application programs 745, other program modules 746, 
and program data 747 are given different numbers here to 
illustrate that, at a minimum, they are different copies. A user 
may enter commands and information into the computer 710 
through input devices such as a keyboard 762 and pointing 
device 761, commonly referred to as a mouse, trackball or 
touch pad. Other input devices (not shown) may include a 
microphone, joystick, gamepad, satellite dish, Scanner, or the 
like. These and other input devices are often connected to the 
processing unit 720 through a user input interface 760 that is 
coupled to the system bus, but may be connected by other 
interface and bus structures, such as a parallel port, game port 
or a universal serial bus (USB). A monitor 791 or other type of 
display device is also connected to the system bus 721 via an 
interface, such as a video interface 790. In addition to the 
monitor, computers may also include other peripheral output 
devices such as speakers 797 and printer 796, which may be 
connected through an output peripheral interface 795. 
0107 The computer 710 may operate in a networked envi 
ronment using logical connections to one or more remote 
computers, such as a remote computer 780. The remote com 
puter 780 may be a personal computer, a server, a router, a 
network PC, a peer device or other common network node, 
and typically includes many or all of the elements described 
above relative to the computer 710, although only a memory 
storage device 781 has been illustrated in FIG. 7. The logical 
connections depicted in FIG. 7 include a local area network 
(LAN) 771 and a wide area network (WAN)773, but may also 
include other networks. Such networking environments are 
commonplace in offices, enterprise-wide computer networks, 
intranets and the Internet. 

0108. When used in a LAN networking environment, the 
computer 710 is connected to the LAN 771 through a network 
interface or adapter 770. When used in a WAN networking 
environment, the computer 710 typically includes a modem 
772 or other means for establishing communications over the 
WAN 773, such as the Internet. The modem 772, which may 
be internal or external, may be connected to the system bus 
721 via the user input interface 760, or other appropriate 
mechanism. In a networked environment, program modules 
depicted relative to the computer 710, or portions thereof, 
may be stored in the remote memory storage device. By way 
of example, and not limitation, FIG. 7 illustrates remote 
application programs 785 as residing on memory device 781. 
It will be appreciated that the network connections shown are 
exemplary and other means of establishing a communications 
link between the computers may be used. 
0109 Having thus described several aspects of at least one 
embodiment of this invention, it is to be appreciated that 
various alterations, modifications, and improvements will 
readily occur to those skilled in the art. 
0110. For example, embodiments are described herein in 
which the sensor emulation environment provides data on a 
single sensor. However, it should be appreciated that the 
environment Supports simulating multiple sensors at once. 
The sensor data engine may provide valid data, at appropriate 
times, for each of the sensors being simulated. Data for each 
sensor may be supplied through a sensor interface object 
appropriate for that type of sensor and the application, or 
corresponding driver as appropriate, may receive data from 
all of the simulated sensors. 
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0111 Such alterations, modifications, and improvements 
are intended to be part of this disclosure, and are intended to 
be within the spirit and Scope of the invention. Accordingly, 
the foregoing description and drawings are by way of 
example only. 
0112 The above-described embodiments of the present 
invention can be implemented in any of numerous ways. For 
example, the embodiments may be implemented using hard 
ware, software or a combination thereof. When implemented 
in software, the software code can be executed on any suitable 
processor or collection of processors, whether provided in a 
single computer or distributed among multiple computers. 
Such processors may be implemented as integrated circuits, 
with one or more processors in an integrated circuit compo 
nent. Though, a processor may be implemented using cir 
cuitry in any suitable format. 
0113. Further, it should be appreciated that a computer 
may be embodied in any of a number of forms, such as a 
rack-mounted computer, a desktop computer, a laptop com 
puter, or a tablet computer. Additionally, a computer may be 
embedded in a device not generally regarded as a computer 
but with Suitable processing capabilities, including a Personal 
Digital Assistant (PDA), a smartphone or any other suitable 
portable or fixed electronic device. 
0114. Also, a computer may have one or more input and 
output devices. These devices can be used, among other 
things, to present a user interface. Examples of output devices 
that can be used to provide a user interface include printers or 
display screens for visual presentation of output and speakers 
or other sound generating devices for audible presentation of 
output. Examples of input devices that can be used for a user 
interface include keyboards, and pointing devices, such as 
mice, touchpads, and digitizing tablets. As another example, 
a computer may receive input information through speech 
recognition or in other audible format. 
0115 Such computers may be interconnected by one or 
more networks in any suitable form, including as a local area 
network or a wide area network, Such as an enterprise network 
or the Internet. Such networks may be based on any suitable 
technology and may operate according to any suitable proto 
col and may include wireless networks, wired networks or 
fiber optic networks. 
0116. Also, the various methods or processes outlined 
herein may be coded as software that is executable on one or 
more processors that employ any one of a variety of operating 
systems or platforms. Additionally, Such software may be 
written using any of a number of Suitable programming lan 
guages and/or programming or scripting tools, and also may 
be compiled as executable machine language code or inter 
mediate code that is executed on a framework or virtual 
machine. 
0117. In this respect, the invention may be embodied as a 
computer readable storage medium (or multiple computer 
readable media) (e.g., a computer memory, one or more 
floppy discs, compact discs (CD), optical discs, digital video 
disks (DVD), magnetic tapes, flash memories, circuit con 
figurations in Field Programmable Gate Arrays or other semi 
conductor devices, or other non-transitory, tangible computer 
storage medium) encoded with one or more programs that, 
when executed on one or more computers or other processors, 
perform methods that implement the various embodiments of 
the invention discussed above. The computer readable stor 
age medium or media can be transportable, such that the 
program or programs stored thereon can be loaded onto one or 
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more different computers or other processors to implement 
various aspects of the present invention as discussed above. 
As used herein, the term “non-transitory computer-readable 
storage medium encompasses only a computer-readable 
medium that can be considered to be a manufacture (i.e., 
article of manufacture) or a machine. Alternatively or addi 
tionally, the invention may be embodied as a computer read 
able medium other than a computer-readable storage 
medium, Such as a propagating signal. 
0118. The terms “program” or “software are used herein 
in a generic sense to refer to any type of computer code or set 
of computer-executable instructions that can be employed to 
program a computer or other processor to implement various 
aspects of the present invention as discussed above. Addition 
ally, it should be appreciated that according to one aspect of 
this embodiment, one or more computer programs that when 
executed perform methods of the present invention need not 
reside on a single computer or processor, but may be distrib 
uted in a modular fashion amongst a number of different 
computers or processors to implement various aspects of the 
present invention. 
0119 Computer-executable instructions may be in many 
forms, such as program modules, executed by one or more 
computers or other devices. Generally, program modules 
include routines, programs, objects, components, data struc 
tures, etc. that perform particular tasks or implement particu 
lar abstract data types. Typically the functionality of the pro 
gram modules may be combined or distributed as desired in 
various embodiments. 

I0120 Also, data structures may be stored in computer 
readable media in any suitable form. For simplicity of illus 
tration, data structures may be shown to have fields that are 
related through location in the data structure. Such relation 
ships may likewise beachieved by assigning storage for the 
fields with locations in a computer-readable medium that 
conveys relationship between the fields. However, any suit 
able mechanism may be used to establish a relationship 
between information in fields of a data structure, including 
through the use of pointers, tags or other mechanisms that 
establish relationship between data elements. 
I0121 Various aspects of the present invention may be used 
alone, in combination, or in a variety of arrangements not 
specifically discussed in the embodiments described in the 
foregoing and is therefore not limited in its application to the 
details and arrangement of components set forth in the fore 
going description or illustrated in the drawings. For example, 
aspects described in one embodiment may be combined in 
any manner with aspects described in other embodiments. 
0.122 Also, the invention may be embodied as a method, 
of which an example has been provided. The acts performed 
as part of the method may be ordered in any suitable way. 
Accordingly, embodiments may be constructed in which acts 
are performed in an order different than illustrated, which 
may include performing some acts simultaneously, even 
though shown as sequential acts in illustrative embodiments. 
(0123. Use of ordinal terms such as “first,” “second.” 
“third,' etc., in the claims to modify a claim element does not 
by itself connote any priority, precedence, or order of one 
claim element over another or the temporal order in which 
acts of a method are performed, but are used merely as labels 
to distinguish one claim element having a certain name from 
another element having a same name (but for use of the 
ordinal term) to distinguish the claim elements. 
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0124. Also, the phraseology and terminology used herein 
is for the purpose of description and should not be regarded as 
limiting. The use of “including.” “comprising,” or “having.” 
“containing.” “involving.” and variations thereof herein, is 
meant to encompass the items listed thereafter and equiva 
lents thereofas well as additional items. 
What is claimed is: 
1. In a computer comprising at least one processor, a 

method of testing an application for a mobile computing 
device, the method comprising: 

with the at least one processor: 
connecting a sensor emulation environment to a source 

of sensor simulation data; 
receiving, via an application programming interface, the 

sensor simulation data from the Source of sensor 
simulation data; 

providing, from the application programming interface, 
the sensor simulation data to a sensor interface com 
ponent that emulates an interface to a physical sensor; 
and 

providing the sensor simulation data from the sensor 
interface component to a driver for use in operating 
the application. 

2. The method of claim 1, wherein connecting to the source 
of sensor simulation data comprises selecting the source of 
sensor simulation data. 

3. The method of claim 1, wherein the source of sensor 
simulation data comprises a simulation model for generating 
the sensor simulation data. 

4. The method of claim 1, wherein the source of sensor 
simulation data comprises at least one selected from the 
group consisting of a device, a file, or a process. 

5. The method of claim 4, wherein the source of sensor 
simulation data is the device, and the device is different from 
the mobile computing device. 

6. The method of claim 1, wherein the application pro 
gramming interface and the sensor interface component 
execute in the sensor emulation environment and the appli 
cation executes in an application environment. 

7. The method of claim 6, wherein the sensor emulation 
environment and the application environment are located on a 
same computing device. 

8. The method of claim 1, further comprising: 
determining, via a sensor data engine, a time to provide the 

sensor simulation data to the sensor interface compo 
nent. 

9. The method of claim 8, wherein determining the time to 
provide the sensor simulation data to the sensor interface 
component comprises processing at least one timing param 
eter of the sensor simulation data. 

10. The method of claim 9, wherein the at least one timing 
parameter of the sensor simulation data comprises a times 
tamp. 

11. The method of claim 10, wherein the at least one timing 
parameter of the sensor simulation data comprises an offset. 

12. A computer system comprising at least one processor 
for testing an application guest environment configured to 
execute an application for a mobile device, the computer 
system comprising: 
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a sensor emulation environment configured to: 
receive, by a sensor data engine via an application pro 
gramming interface, sensor simulation data from a 
Source of sensor simulation data; 

provide, from the sensor data engine, the sensor simu 
lation data to at least one sensor interface component; 
and 

provide, from the at least one sensor interface compo 
nent via a driver for use in operating the application, 
the sensor simulation data to an application. 

13. The computer system of claim 12, wherein the sensor 
simulation data comprises a plurality of data points and each 
data point from the plurality of data points is associated with 
at least one parameter that is utilized by the sensor data engine 
to determine a time to provide the sensor simulation data to 
the application. 

14. The computer system of claim 13, wherein the at least 
one parameter comprises at least one of a timestamp and an 
offset. 

15. The computer system of claim 14, wherein the at least 
one sensor interface component receives the plurality of data 
points at the same time. 

16. The computer system of claim 13, wherein: 
the at least one parameter further comprises an identifier of 

the at least one sensor interface component; and 
the sensor data engine determines at least one sensor inter 

face component based on the identifier. 
17. At least one computer-readable storage medium 

encoded with computer-executable instructions that, when 
executed by at least one processor, perform a method of 
Supplying simulated sensor data for testing an application for 
a mobile computing device, the method comprising: 

receiving, via at least one sensor interface component, a 
request for sensor data from a driver for use in operating 
the application; 

in response to the request, obtaining, by a sensor data 
engine, the sensor simulation data from an application 
programming interface, wherein the application pro 
gramming interface receives the sensor simulation data 
from a source of sensor simulation data; 

providing, by the sensor data engine, the sensor simulation 
data to the at least one sensor interface component; and 

providing, by the at least one sensor interface component, 
the sensor simulation data to the driver. 

18. The at least one computer-readable storage medium of 
claim 17, wherein the method further comprises connecting 
to the source of sensor simulation data, the connecting com 
prising selecting the Source of sensor simulation data. 

19. The at least one computer-readable storage medium of 
claim 18, wherein the Source of sensor simulation data com 
prises at least one selected from the group consisting of a 
device, a file, a process or a simulation model. 

20. The at least one computer-readable storage medium of 
claim 19, wherein the device is different from the mobile 
computing device. 


